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Recent literature on health situations indicates growing interest in examining psychological and social factors that might account for individual differences in coping with a stressful condition. One of these is the sense of coherence (SOC), a term used by Antonovsky to indicate the relationship of personality to health [1] [2] [3] [4] . SOC, a candidate for a mediating stress factor, is studied in the framework of Antonovsky's salutogenesis paradigm, which emphasizes the origin of health. It has been described as a global orientation that expresses the extent to which one has a pervasive, enduring though dynamic feeling of confidence that (1) the stimuli, deriving from one's internal and external environments in the course of living are structured, predictable and explicable, (2) the resources are available to one to meet the demands posed by these stimuli, and (3) these demands are challenges, worthy of investment and engagement 5) . These are three components in SOC, namely comprehensibility, manageability and meaningfulness.
It constitutes a new contribution to the stress-illness model in shifting from an understanding of somatic and psychological pathology to explanations of stressful coping that promotes health and well being 6, 7) . Flannery and his colleagues 8) , who support the idea that a person's SOC is implicated in coping with life stresses and psychological distress, demonstrate that SOC scales account for variance in criterion measures of life events stressors, depression and anxiety. Individuals with a high SOC are in a situation of less strain and allostatic load. Lower physiological reactivity has been observed in high SOC than in low SOC individuals in response to a laboratory stressor 9) . Furthermore, to specify the role of SOC in occupational stress, Kivimaki et al. 10) in male industrial managers demonstrate that a strong SOC cushioned against job strain. There is therefore considerable evidence showing that work-setting characteristics, particularly work stressors, influence levels of SOC 2, 11, 12) .
Emotional stress was reported to be associated with a decrease in cellular immune function including natural killer cell activity (NKCA) in animal studies 13, 14) and man 15, 16) . Functional networks involving the nervous, endocrine and immune systems are now interpreted as a neuroimmunoendocrine function 13) . Medical students after their final examination 17) and parachutists after jumping 16) have lower NKCA with higher pituitaryadrenal or sympathetic nervous activity than before the stressful events. Such reduced NKCA is closely related to anxiety 18) and depression 19) , whereas a poor SOC is involved in anxiety and psychological distress 2, [10] [11] [12] . Although many studies have examined the involvement of NKCA in stress states, the cellular immunity in workers with low SOC remains to be elucidated 20, 21) .
A worksite smoking cessation program is one of the principal policies to promote health in Japan and other countries 22, 23) . Emotional stress, personality and addiction have been suggested as critical variables explaining the persistence of smoking behavior [24] [25] [26] , although little is known about the psychological significance of SOC in smoking behavior. In the present study, therefore, we tried to clarify the relationship among SOC, smoking status and cellular immunity in office workers.
Methods

Subjects
The subjects were 125 male office workers with a mean age ± standard deviation (SD) of 45.1 ± 7.88 yr, engaged in a computer corporation with a workforce of 395 in Ishikawa Prefecture, Japan. The subjects included all male workers whose ages were 35-65 yr except 25 male workers who had hypertension, hyperlipidemia, diabetes mellitus, angina pectoris, or acute common cold. None of the subjects was exposed to any toxic substances in the workplace. They had taken no medical drugs or had a history of any disease known to affect the immune system. After giving informed consent, the subjects completed a self-administered questionnaire regarding the SOC described by Antonovsky 5) and the health locus of control (HLC). A Japanese version in which Yamazaki 27) translated the SOC described by Antonovsky 5) was used in the actual SOC questionnaire. The lower the SOC score, the poorer was one's psychological attitude to SOC. Assessment of HLC was performed with Japanese version in which Horige 28) modified the multidimensional HLC scales described by Wallston et al. 29) . The Japanese version of HLC was designed to measure five separate dimensions of the locus of control beliefs related to health behavior for Japanese: Internal (I), Professional (P), Family: (F), Chance (C), Supernatural (S) HLC. Each contains five 6-item scales. In addition, the 14-item perceived stress scale described by Cohen et al. 30) was used to assess the degree to which situations in life were perceived as stressful. Items on the perceived stress scale were designed to measure the degree to which the subjects felt their lives were unpredictable, uncontrollable and overwhelming 30, 31) . A higher score on the stress index indicated a greater degree of stress. Mean scores ± SD in the SOC, IHLC, PHLC, FHLC, CHLC, SHLC and the stress index were 128 ± 17.0, 24.3 ± 2.96, 19.0 ± 4.13, 19.0 ± 4.13, 14.0 ± 4.50, 11.2 ± 4.43 and 28.0 ± 5.21, respectively. Smoking, alcohol drinking and physical exercise habits were recorded in an individual interview. The subjects were grouped according to their level of cigarette smoking (present smokers, n=75; never smokers, n=26; ex-smokers, n=24). The responses for alcohol and physical exercise habits were coded from 0 to 2: never (2), sometimes (1) and always (0) for alcohol drinking and never (0), sometimes (1) and always (2) for physical exercise.
After answering a self-administered questionnaire, with the ambient temperature kept at 23°C, the subjects remained still and were prohibited from smoking or drinking for at least 30 min before physical and blood chemical examination. The body mass index (BMI) was examined as an obesity index. Using blood samples drawn from hepanized venipuncture from cubital vein, total lymphocyte counts, NKCA, and NK cell subsets were determined by the method described below. Blood samples were taken uniformly at 9:00 AM from fasting subjects.
NKCA and NK cell subsets
Peripheral blood mononuclear cells (PBMC) were isolated from heparinized venous blood by differential centrifugation through Ficoll-Hypaque (Pharmacia, Piscataway, NJ, USA). NKCA was measured in a standard 4 h chromium (Cr) release assay that was performed in 0.2 ml volumes in U-bottom microplates. The K562 erythroleukemia cell line derived from a patient with human chronic myeloid leukemia in blastic crisis was used as the target for detecting NK cell cytotoxicity. K562 cells, suspended in culture in RPMI 1640 medium, and labeled with Na 2 51 CrO 4 of 1 mCi/ml (New England Nuclear, Boston, MA, USA) for 1 h at 37°C. Cells were washed 4 times in a tissue culture medium consisting of RPMI 1640 and resuspended in fresh medium, counted and aliquoted at 1 × 10 4 target cells/well into 96-well Ubottom microtiter plates containing isolated PBMC as effector cells at predetermined concentrations. The effector: target cell ratios (E/T) were 40:1, 20:1, 10:1, to 5:1. After the plates were incubated in 5% CO 2 in air at 37°C for 4 h, the assays were terminated by centrifuging the plate at 400 g for 5 min, after which the medium was harvested from each well with a supernatant harvesting apparatus (Flow, McLean, VA, USA). All determinations were done in triplicate. Radioactivity was counted in a gamma counter. The spontaneous 51 Cr release, determined by incubating labeled target cells in the medium alone, did not exceed 10% of the maximum release that was determined by adding 1% Triton X-100. The NKCA as a percentage of specific lysis was determined according to the formula: 100 × (mean experimental cpm -mean spontaneous cpm)/(mean maximal cpm -mean spontaneous release cpm). Percent cytotoxicity was calculated at each E/T, and these values were converted to lytic units at 20% (LU 20 ) according to the method of Pross et al. 32) .
With isolated PBMC, we performed immunotyping by flow cytometry. Two major monoclonal antibodies that recognize NK cell surface antigens were chosen for the two-color flow cytometry: (a) CD16 (anti-Leu11) against the Fc receptor present in human large granular lymphocytes and (b) CD57 (anti-Leu7/HNK-1) against a subset of NK cells. Thus, the flow cytometric study generated three subsets of NK cells: (a) CD57-CD16+, (b) CD57+ CD16+, (c) CD57+ CD16-.
Statistical analysis
Variables including SOC, stress, HLC, NKCA and NK cell subsets showed normal distributions. Statistical analysis of difference among mean values for the three groups were performed by one-way analysis of variance (ANOVA), followed by post-hoc Dunnett test. Statistical analysis of the difference in the mean values for NKCA and NK cell subsets was performed by two-way ANOVA. The factors included smoking status which was composed of three levels (present smokers, never smokers or ex-smokers) and the SOC level which was composed of two levels (higher or lower than the mean score of 128). The post-hoc test to examine statistical significance from the value for present smokers was performed by Dunnett test. Correlation was analyzed with Pearson's correlation coefficient in subjects excluding ex-smokers. After showing partial regression coefficients by using a multiple regressions analysis in the same subjects, we performed a stepwise forward multiple regressions analysis for developing the model. In the stepwise forward multiple regression analysis, the critera of p values by which the variables were entered in and out of the regression equation were 0.05 and 0.10, respectively. In these analyses, smoking status was coded 1 for present smokers or 2 for never smokers. All statistical tests were twotailed. P values less than 0.05 were regarded as indicating statistical significance.
Results
SOC, life style and HLC by smoking status
Comparisons of SOC and life style data among present, never and ex-smokers by one-way ANOVA showed significant differences in SOC and exercise habit scores (Table 1) . SOC in never smokers was higher and exercise was performed more frequently than in present smokers, although stress, alcohol or obesity did not differ with smoking status. We could not recognize any difference in HLC with smoking status (data not shown). There was no significant difference in SOC among three groups (never, sometimes, always) divided according to frequency of alcohol and exercise habit (data not shown).
NKCA and NK cell subsets according to SOC level
and smoking status NKCA and NK cell subsets are shown according to the SOC level and smoking status in Table 2 . Two-way ANOVA showed significant main effects of SOC on NKCA (F (1, 119) = 5.22, p<0.05) and on CD57+CD16+ (F (1, 119) = 6.29, p<0.05) and on % to lymphocytes of CD57+CD16+ (F (1, 119) = 12.4, p<0.01) as well as smoking on NKCA (F (2,119) = 4.04, p<0.05). There Regarding higher SOC, NKCA in never and ex-smokers were significantly higher than in present smokers. Table 3 shows the coefficients of correlation of NK and NK cell subsets with SOC, stress, HLC and healthrelated behavior factors in subjects excluding ex-smokers. NKCA and CD57+CD16+ were significantly positively correlated with SOC and smoking. CD57-CD16+ number was negatively correlated with stress and FHLC. Table 4 reveals a correlation matrix among SOC, stress, HLC and health-related behavior factors in subjects excluding ex-smokers. SOC showed a moderately negative correlation with stress and a weakly negative one with CHLC (p<0.01) as well as a weakly positive one with smoking and exercise (p<0.05). Furthermore, stress showed a weakly positive correlation with CHLC and a weakly negative one with exercise (p<0.01). There were positive correlations of CHLC with PHLC and SHLC (p<0.01). IHLC was positively correlated with FHLC and negatively correlated with CHLC and SHLC (p<0.05). Since we therefore recognized some significant relationships among psychological factors and healthrelated factors including SOC, we performed multiple regression analysis for NKCA and NK cell subsets with all factors excluding ex-smokers. The analysis showed a significantly positive contribution of SOC and smoking to NKCA and CD57+CD16+ ( Table 5 ). The increased SOC contributed significantly to the regression for elevated NKCA and CD57+CD16+. The stress index, (2) for smoking, always (0); sometimes (1) and never (2) for alcohol, and never (0); sometimes, (1) and always (2) for exercise. HLC index, or health-related behavior were not correlated with NKCA or CD57+CD16+. Similarly, the stepwise forward multiple regression analysis showed that smoking and SOC for NKCA as well as SOC for CD57+CD16+ were entered in the regression equation, respectively ( Table 6 ).
Correlation of NKCA and NK cell subsets with psychological and behavioral factors
Discussion
Antonovsky hypothesizes that SOC acts on humans to moderate the negative effects of stressful life events [1] [2] [3] [4] . A moderately negative correlation between SOC and stress seen in the present study supports Antonovsky's hypothesis that SOC is closely related to stress [1] [2] [3] [4] .
Physical and psychological stress can influence immunological parameters, especially NK cells and their functions 13) . NK cells act early in the immune response before specificity can be generated. They mediate firstline defense by direct cytotoxicity against various types of target cells without apparent prior immunization 33) . Lutgendorf et al. 21) demonstrate that SOC moderates the relationship between life stress accompanying voluntary housing relocation and NKCA in healthy older adults. Taken together, the positive correlation between SOC and NKCA seen in the present study suggests that SOC is involved in NKCA.
On the other hand, the stepwise forward multiple regression analysis showed that NKCA was significantly correlated with SOC, independent of the stress index and other factor, which were not correlated with NKCA. Our results therefore suggest that the positive relationship between NKCA and SOC is still true even after excluding the confounding effects of life stress, other psychological factors and life style. Persistently low NK cell function has been shown to be associated with a greater risk for health impairments including infectious diseases and cancer 34) . Stress-induced immunosuppression accounts for individuals who experience stressful life events more susceptible to a variety of illnesses 31, 35) . Based on such a close relationship between NKCA and illness, the results showing that lower SOC is involved in reduced NKCA support salutogenic contributions of SOC. The result of the stepwise forward multiple regression analysis does not necessarily imply that stress is not directly related to cellular immunity including NKCA. As a stress index, we used Cohen's global measure of perceived stress which assesses it for life events, not always specific to work stress which is traditionally described as quantitative workload, role conflict, role ambiguity, cognitive demands and so on 30, 36) . Examination of the time course of NKCA, the SOC score in larger populations as well as the use of the stress score reflecting work stress more specifically would clarify the causal relationship.
Furthermore, the stepwise forward multiple regression analysis showed a close relationship between SOC and CD57+CD16+. The subset of NK cells bearing the CD16+ surface antigen is reported to be the most potent in the cytolysis of target tumor cells, whereas the CD57+ subset is reported to be less potent 37) . Therefore, our results showing decreases in CD57+CD16+ as well as NKCA in workers with lower SOC demonstrated a positive correlation between SOC and cellular immunity. The reduction in NKCA in workers with a lower SOC is considered to be mainly due to a decrease in the number of NK cells with the capacity to lyse tumor cells. As a reduced mean capacity for NK cells to lyse cells cannot be excluded by the present findings, further study on lymphocytes in workers with a lower SOC would be necessary.
The psychological characteristics suggested as being predictors of difficulty with smoking cessation include anxiety, depression, stress, and HLC 38, 39) . The present study showed a significant change not in Cohen's stress index or HLC, but in SOC among smoking status. Cigarette smoking as well as environmental tobacco smoke have been recognized as lowering NKCA [40] [41] [42] . The present study showed a significant decrease in NKCA for present smokers as compared to never smokers. Furthermore, the stepwise forward multiple regression analysis showed that NKCA was associated with smoking, but not with the stress index, suggesting the association was not produced through daily life stress. A poor SOC and a reduced NKCA in present smokers are therefore very noteworthy as an occupational mental health problem, although possible psychological mechanisms in which SOC is low in present smokers must be further clarified in the future.
Tollerud and his associates 43) reports that NK cells were also decreased among ex-smokers, including subjects who had not smoked for more than 20 yr. In contrast to their report, we have found higher NKCA in ex-smokers than in present smokers, but when subjects were divided into two groups according to SOC, NKCA in ex-smokers with a lower SOC was almost the same as in present smokers with it. SOC may therefore be an important psychological modifier in determining the relationship between cellular immunity and smoking cessation. The relationship between duration of smoking cessation and NKCA should be clarified in a future study.
In conclusion, the present study demonstrated a positive relationship between SOC and NKCA, suggesting salutogenic contributions of SOC. The reduced NKCA with lower SOC in present smokers, an association which seems to be produced not through daily life stress, must be dealt with as an occupational mental health problem.
